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The influence of both the geometry of illumination and luminance contrast on gloss perception has been ex-
amined using the method of paired comparison. Six achromatic glass samples having different lightness were
illuminated by two light sources. Only one of these light sources was visible in reflection by the observer. By
separate adjustment of the intensity of both light sources, the luminance of both the reflected image and the
adjacent off-specular surroundings could be individually varied. It was found that visual gloss appraisal did
not correlate with instrumentally measured specular gloss; however, psychometric contrast seemed to be a
much better correlate. It has become clear that not only the sample surface characteristics determine gloss
perception: the illumination geometry could be an even more important factor. © 2010 Optical Society of
America
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r. INTRODUCTION
he description of the appearance of objects and materi-
ls is a very difficult task to perform. Much work has been
one to quantify color appearance, but there is still much
o clarify about the perception of gloss. Physically, gloss
esults from directionally selective light scattering at the
ront surface of a material, with a preference toward the
pecular reflection direction. Instrumental gloss evalua-
ion is generally performed with a standardized indus-
rial device called a glossmeter [1,2]. This instrument
ompares the flux reflected from the surface to the re-
ected flux from a polished black glass with refractive in-
ex n=1.567 at 589.3 nm, measured in the same geom-
try at three predefined incident angles (20°, 60° and 85°).
gloss value of 100 gloss units is assigned to the black
lass reference sample.
A major comprehensive study with respect to the rela-
ionship between the physical specular reflection and per-
eived gloss was conducted by Hunter and Harold [3].
unter and Harold defined six visual criteria that could
ossibly be used to rank gloss: specular gloss, sheen, con-
rast gloss, absence-of-bloom gloss, distinctness-of-image
DOI) gloss, and surface-uniformity gloss.
Based on this finding, Billmeyer and O’Donnell inves-
igated the perceptual gloss dimensions on custom-
repared, painted specimens [4]. While, in all their ex-
eriments, at least three different visual criteria could be
imultaneously identified, Billmeyer and O’Donnell con-
luded that for their specimen sets and test conditions,
loss appeared to be a unidimensional phenomenon. In
ddition, Billmeyer and O’Donnell investigated correla-
ions between their obtained visual data and instrumen-1084-7529/10/092046-9/$15.00 © 2al gloss measurements, and concluded that simple linear
elations did not exist.
Two other investigations confirmed the nonlinear rela-
ionship between gloss perception and gloss measure-
ent. Obein et al. [5] used the maximum likelihood dif-
erence scaling procedure [6] to estimate the glossiness of
series of ten black, coated samples. Ji et al. [7] employed
magnitude estimation technique to scale the gloss of a
et of 84 neutral and colored samples, comparing them
ith a neutral reference sample that was assigned a gloss
alue of 50 gloss units. Visual gloss sensitivity was higher
t extreme values, i.e., for matte and high-gloss samples.
or the latter, Obein et al. argued that observers were
ringing into account variations in the distinctness of the
eflected image of the illumination, expressed as DOI.
merican Society for Testing and Materials (ASTM) de-
ned DOI as an aspect of gloss characterized by the
harpness of images of objects produced by reflection at
he surface [8].
In accordance with Billmeyer and O’Donnell, Obein et
l. also investigated the influence of the illumination di-
ection. Gloss difference scales were obtained for two in-
ident angles, i.e., 20° and 60°. Although the angular dis-
ribution of the reflected luminous flux varied
onsiderably in both illumination conditions, observers
eemed to compensate for these variations and scaled the
timuli in a remarkably similar way. Obein et al. defined
his ability as “gloss constancy” [5].
Computer graphics offer interesting opportunities to
ackle the problem of visual gloss perception. To mimic
ight scattering from the surface, a reflectance model rep-
esenting the bidirectional reflectance distribution func-010 Optical Society of America
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Leloup et al. Vol. 27, No. 9 /September 2010 /J. Opt. Soc. Am. A 2047ion (BRDF) [9] is attributed to the material. Depending
n the application a variety of BRDF models exist, and in
sychophysical experiments the physically based model
escribed by Ward [10] is frequently used. Three param-
ters are introduced: the specular reflectance s, the dif-
use reflectance d, and the spread of the specular lobe .
Wills et al. [11] performed a psychophysical study in or-
er to construct a perceptual embedding of available
RDF measurements and related their embedding to
loss dimensions and input parameters of BRDF models,
ncluding that of Ward. The perceptual embedding
eemed to be most successful by combining two gloss com-
onents, i.e., diffuseness and contrast gloss. Compared to
RDF models, the most obvious correlation was obtained
ith the parameter defining the diffuse reflectance. A
trong correlation was also observed with the “roughness”
arameters defining the spread of the specular lobe, such
s Ward’s parameter .
Another advantage of computer rendering is the easy
ay in which the luminance distribution in the illuminat-
ng scene can be adapted. A complex real-world illumina-
ion scene with direct and indirect indoor and even out-
oor contributions can be simulated. Especially for high-
loss surfaces, luminance contrasts within a reflected
mage and off-specular sample luminances engendered by
he illuminating scene could influence gloss estimation.
his idea was confirmed by Fleming et al., who demon-
trated that observers estimate lightness and gloss more
eliably under complex realistic illumination than under
simple artificial light source [12,13]. Further investiga-
ions on the influence of collimated and diffuse illumina-
ion on gloss perception were recently reported by te Pas
nd Pont [14].
Furthermore, reports on the correspondence between
loss standards and components of BRDF models [15], on
he multi-dimensionality of gloss perception [11,16,17],
nd on the interaction of surface gloss with 3D shape
18–20], color [21], and texture [22] have been published.
Computer-based research also suffers from some re-
trictions. The limited dynamic range of displays consti-
utes the main drawback. Although methods have been
resented to map high-dynamic-range images on low-
ynamic-range displays [23,24], digital imagery represen-
ations are not likely to allow for the investigation of any
loss attribute related to the absolute intensity of a high-
ight [17]. Furthermore, graphics studies are entirely
ased on a single BRDF model (Wills et al. excepted). For
ata-driven reflectance models, the set of parameters is
articularly large and unintuitive [25]. Finally, displaying
D simulations on flat displays is still problematic be-
ause of contradictions between pictorial cues and view-
ng geometry, screen self-luminosity, and other factors
26].
From this overview, it becomes evident that gloss per-
eption of high-gloss surfaces is dominated by DOI on the
ne hand and the contrast between the virtual image of
he illumination scene and its surroundings on the other.
he surrounding surface luminance of the object is deter-
ined by the diffuse reflectance of the sample and the to-
al illuminance originating from the entire illuminating
cene. In this paper, an approach is proposed in that the
ifferent gloss-determining dimensions are isolated. Thexperimental goal is to find a new quantity that better
orresponds to human visual gloss appraisal. Therefore,
he influence of the luminance contrast between the vir-
ual image of the illumination scene and the surround-
ngs on perceived gloss is investigated. Visual gloss as-
essments of real achromatic glass samples, all having an
dentical DOI but a different diffuse back reflection, are
escribed. To mimic complex real-world illumination con-
itions, an additional off-specular light source is intro-
uced besides the generally adopted specular light source.
lthough this work is restricted to neutral samples with
dentical DOI, the use of a more complex illumination ge-
metry offers the possibility to vary luminance contrast, a
rocedure that has not yet been applied to real samples.
. EXPERIMENTAL SETUP
. Samples
set of six flat glass samples 10 cm10 cm and 3 mm
hick was used. A mix of white and black matt paint was
pplied on the rear side of the samples. By varying the
oncentrations of both paints, approximately equal differ-
nces in lightness over the entire sample set could be ob-
ained. This was verified by measuring the d:8° spectral
eflectance of the front side with a Hunterlab UltraScan
RO sphere-based spectrophotometer. The sphere con-
ains a specular exclusion port that can be opened during
easurement. When the port is closed, the reflectance
easurement includes the specular component of the re-
ected light (SPIN). When the port is opened, the specu-
ar component of the reflected light is excluded from mea-
urement (SPEX). The difference between the two
easurement results gives an indication of the glossiness
f the measured sample.
All six samples were measured in both the SPIN and
PEX measurement modes. CIELAB colorimetric coordi-
ates were calculated under CIE standard illuminant
65, in combination with the CIE 1964 standard colori-
etric observer. SPEX mode results are represented in
able 1. Samples are numbered from 1 to 6 in decreasing
rder of lightness. Subtracting SPEX from SPIN values
esulted in an identical specular reflectance value of 4%
or each sample, originating from the front surface reflec-
ion of the glass at 8° angle of incidence.
Standard specular gloss measurements were performed
t three basic geometries (20°, 60°, and 85° angle of inci-
ence) using a Byk-Gardner micro-TRI-gloss-S glossme-
er. Uniformity was checked by performing measure-
ents at five different sample positions. The mean values
nd variances, expressed in specular gloss units (SGU),
re also reported in Table 1. For each individual sample,
loss values increase with angle of incidence due to the
ncreased Fresnel reflection. However, almost no differ-
nces are observed among samples within the same geom-
try, indicating that front surface reflection completely
ominates the standard specular gloss measurement.
Spatial and spectral sample reflection characteristics
ere measured with a full three-dimensional BRDF in-
trument [27]. To mimic the geometrical conditions of the
est booth (see below), the angle of incidence with respect
o the sample normal was kept fixed at 60°. The viewing
ngle ranged from 0° to 85° in the opposite half-plane, 60°
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2048 J. Opt. Soc. Am. A/Vol. 27, No. 9 /September 2010 Leloup et al.orresponding to the specular reflection direction (de-
oted −60° :60° geometry). In Fig. 1, BRDF values are
hown for viewing angles ranging from 55° to 65°. Solid
urves represent BRDF functions of the glass samples,
hile the dashed curve represents the BRDF function of
he black glass reference sample of the specular glossme-
er. All samples clearly show a similar specular lobe, cor-
esponding to the instrument signature of the device and
ndicating an identical DOI of the samples without distor-
ions in the reflected image [27]. At non-specular viewing
ngles, BRDF values tend to a constant aspecular value
riginating from the background reflection of the samples.
. Test Booth
picture of the test booth designed to perform the visual
ssessments is presented in Fig. 2. A white fluorescent
amp was covered by a diffuser. A black mask with an ap-
rture of 25 cm by 4 cm resulted in a well-defined aper-
ure with uniform luminance. According to the work of
leming et al., this rectangular light source generates im-
ges that appear more similar to images under “real-
orld” illumination than do other artificial light sources
13]. The light source is positioned at a distance of 60 cm
rom the sample, with an incidence angle of 60° toward
he sample normal. This luminaire will be referred to as
he specular light source.
A second fluorescent lamp is positioned perpendicular
o the sample, again at a distance of 60 cm. This lumi-
aire will be referred to as the background light source. A
Table 1. Colorimetric and Specular Glos
Sample Number Sample Color L* a
1 White 82.7 −1.
2 Light gray 72.9 −2.
3 Light/Mid-gray 65.3 −2.
4 Mid-gray 46.1 −2.
5 Dark gray 22.8 −1.
6 Black 3.2 −0.
aCIE L*a*b* values of samples obtained in SPEX mode and calculated under CI
pecular gloss values obtained in three basic geometries 20°, 60°, 85°, expressed i
ig. 1. (Color online) BRDF functions at an angle of incidence of
60° and at wavelength 589.3 nm. The viewing angle ranges
rom 55° to 65°. Solid curves represent the results obtained from
he six test samples, while the dashed curve represents the black
lass reference sample.affle between the two light sources prevents mutual illu-
ination. The luminance of both dimmable light sources
an be controlled.
Two samples are placed side-by-side on a sample holder
nd observed in the specular reflection direction of the
pecular light source. The observer’s head is fixed by a
hin rest, that guarantees both a well-defined viewing di-
ection and a viewing distance of 100 cm. The field of view
overed by the sample is approximately 4.4°. Illumination
nd viewing distances have been chosen such that the
ample surface and the reflected image of the specular
ight source are both within the depth of focus of the eye.
. 2D Luminance Meter
uminance measurements of the samples were performed
rom the observer’s viewing position with a 2D luminance
amera (MURATest by Eldim) [28]. Measurements were
nalyzed by calculating the average luminance from the
mage of the specular light source, denoted by the image
uminance Li, and by calculating the average sample lu-
inance from both regions next to this image, denoted by
he background luminance Lb. A picture of the light/mid-
ray sample (sample 3) under four illumination condi-
ions is presented in Fig. 3. The image of the specular
ight source and the sample surroundings can be clearly
iscerned. The image luminance Li includes both the
pecular front reflection and the diffuse reflection compo-
ent of the rear side, while the background luminance Lb
riginates only from the diffuse rear-side reflection of the
ample.
racterization of the Six Glass Samplesa
b*
Gloss 20°
(SGU)
Gloss 60°
(SGU)
Gloss 85°
(SGU)
1.19 86.6±0.3 93.4±0.2 99.4±0.1
−3.04 84.4±0.1 89.6±0.1 99.1±0.1
−5.06 85.4±0.2 92.2±0.2 99.3±0.1
−6.35 86.9±0.1 92.5±0.1 99.3±0.2
−6.00 83.6±0.1 88.1±0.1 98.9±0.1
0.08 85.2±1.0 91.2±0.6 99.2±0.3
ant D65 in combination with the CIE 1964 standard colorimetric observer. Average
ar gloss units SGU.
ig. 2. (Color online) Side view of the test booth with specular
nd background light source.s Cha
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. Method of Paired Comparison
he method of paired comparison, as described by Scheffé
29], was used to evaluate the effect of luminance con-
rasts on gloss appraisal. Paired comparison was pre-
erred above other methods such as rating or ranking.
he validity and reliability of rating data requires a very
arge number of trials and trained participants [30]. Pair-
ise comparisons may prove to be a more realistic ap-
roach to range alternatives than direct ranking [31].
urthermore, paired comparison allows for the evaluation
f transitivity, i.e., the intra- and inter-observer consis-
ency.
Samples were presented in sets of two alternatives i , j
o the observers, who answered the question “Rate the
lossiness of the right sample i as compared to the left
ample j, by use of the following preference scale; (3) i is
uch more glossy than j; (2) i is more glossy than j; (1) i is
lightly more glossy than j; (0) i and j are of equal glossi-
ess; −1 i is slightly less glossy than j; −2 i is less
lossy than j; −3 i is much less glossy than j.” No recom-
endations were made about that visual cue observers
ad to rely on.
Six samples n=6 and fifteen sample pairs M=15
ere presented for each illumination set up. All pairs
ere judged by ten observers. In total, eighteen male and
ixteen female naïve observers participated in the experi-
ents. All had normal or corrected to normal vision. No
ime restrictions were imposed during assessments, but
he duration of each assessment was limited to approxi-
ately 20 min. to avoid observers losing attention.
To account for potential within-pair order effects, opti-
al order designs as proposed by Ross were applied
32,33]. These include the following properties: (i) all
timuli are compared with one another; (ii) every stimu-
us appears as often on the left as on the right of a pair;
iii) the order of pairs is such that the time gap between
wo consecutive presentations of the same stimulus is
aximal.
ig. 3. (Color online) Pictures of sample 3 (light/mid-gray
ample) under test conditions (a) A, (b) B, (c) C, and (d) D. All
ictures were taken with the same exposure settings. The image
f the specular light source and the off-specular surroundings
an be clearly discerned.From the recorded preference scores xijk of stimulus i
ver stimulus j evaluated by observer k, the mean prefer-
nce uˆij for stimulus i over stimulus j was calculated as
uˆij = 1/r
k=1
r
xijk, 1
ith r half of the total number of observers for each spe-
ific illumination condition. As half of the observers rated
he glossiness of stimulus i over stimulus j, the second
alf rated the glossiness of stimulus j over stimulus i.
rom both mean preferences uˆij and uˆji, the average pref-
rence ˆij of stimulus i over stimulus j was calculated as
ˆij = 1/2uˆij − uˆji. 2
inally, the mean glossiness estimate ˆi of stimulus i was
omputed as
ˆi = 1/n
j=1
n
ˆij. 3
s stimulus i was not rated against itself, ˆii=0.
In order to evaluate the statistical significance of ˆi, a
onfidence coefficient of 95% was employed to calculate
he corresponding statistic Y0.05 [29]. Y0.05 is defined as
Y0.05 = q0.95Se/4Mr2 − rn1/2. 4
0.95 is the upper 5% point of the Studentized range q for
variates and 2Mr−1 degrees of freedom, and can be
educed from tables [34]. Se is the error sum of squares,
efined as
Se =
i=1
n

j=1
n

k=1
r
xijk − uˆij. 5
ifferences between two glossiness estimates ˆi and ˆj
re statistically relevant at the 95% confidence level if
hey differ by more than the value of Y0.05.
. Analysis of Observer Consistencies
he method proposed by Kendall and Babington Smith
35,36] was used, respectively, to check the intra- and
nter-observer consistency. Intra-observer consistency
as examined by calculating the number of cyclic triads d
ccurring in an observed configuration of preferences.
rom this number, the coefficient of consistency  was cal-
ulated, which for an even number of stimuli n is defined
s
 = 1 − 24d/n3 − 4n. 6
bservers’ results were rejected if their coefficient of con-
istency  was inferior to 0.75, which corresponds to an oc-
urrence of more than two cyclic triads in their preference
atrix n=6. In turn, this limiting value was deduced
rom a 95% probability that there would occur more than
wo cyclic triads if decisions were made at random [36].
Investigation of the inter-observer agreement was con-
idered by calculating the coefficient of agreement u, de-
ned as
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2
2r2  . n2
− 1. 7
represents the sum of the number of agreements be-
ween all 2r2  possible pairs of observers, 
n
2  being the
umber of possible sample pairs [36]. In the case of com-
lete agreement among observers, u=1.
. RESULTS AND DISCUSSION
loss appraisal of the six glass samples was investigated
nder four illumination conditions, characterized by the
ample illuminance originating from both the specular
nd the background light source (see Table 2).
In test condition A, only the specular light source was
sed to illuminate the samples. This condition corre-
ponds to the illumination geometry used in all previous
loss experiments on real samples. Image and back-
round luminances of the six samples, respectively Li and
b, are presented in Table 3. The luminance contribution
f the specular front reflection can be calculated as the
ifference between these luminances. As expected, this
alue is almost invariant across all samples and on aver-
ge has a value of 884 cd m−2. Compared with the lumi-
ance of the light source, this value corresponds to a
pecular reflectance of 9%, in agreement with calculated
pecular reflectance values from both the BRDF measure-
ents and the theoretical Fresnel equations at an inci-
ence angle of 60°. The sample illuminance originating
rom the specular light source Es was measured to be
50 lux (see Table 2). The values of Lb were verified by
alculating the product of Es and the off-specular BRDF
alues (−60° :58° geometry).
Results of paired comparisons in test condition A are
athered in Table 3. The average gloss estimates ˆi, the
tatistic Y0.05, and both the average coefficient of consis-
ency  and coefficient of agreement u are presented. Al-
hough the specular glossmeter predicts the same gloss
or all samples (see Table 1), visual gloss appraisal de-
reases with increasing lightness of the samples. Contrast
hus seems to be a dominant factor for gloss perception. A
loser look at the glossiness estimates of the lightest
amples 1, 2, and 3 in combination with the value of Y0.05
0.334), however, reveals that no significant differences
re demonstrated between sample pairs (1, 2) and (2, 3).
Table 2. Description of Each Test Conditi
Illumina
Test
Condition Description
A Specular light source: high Backgroun
source: off
B Specular light source: medium Backgrou
source: off
C Specular light source: medium Backgrou
source: low
D Specular light source: low Background
source: high
aThe contribution originating from both the specular and the background light so surther analysis of these data showed that two subgroups
f observers could be identified. One group indicated vi-
ual gloss differences between all samples, while the sec-
nd group rated samples 1 to 3 as of equal glossiness. All
econd-group observers indicated that the intense image
f the specular light source dominated their gloss percep-
ion, thereby masking the variation in contrast. This in-
onsistency among observers offers an explanation for the
ower coefficient of agreement u.
Since contrast between the image luminance Li and the
ackground luminance Lb could be the dominant factor,
he psychometric contrast C as defined by CIE [37] was
alculated as
C =
Li − Lb
Lb
. 8
og C values are listed in Table 3. It should be noticed
hat the numerator represents the luminance correspond-
ng to the external front reflection, which is equal for all
amples. As a consequence, contrast variations among the
ix samples can totally be attributed to the variation of
he background luminance Lb.
In Fig. 4, the average gloss estimates ˆi are plotted
gainst log C, and a good linear correlation is obtained.
he results are in accordance with the results obtained by
ida on paper samples [38], although Aida adopted an-
ther definition of contrast, i.e., C=Li /Lb. However, for
arge values of the image luminance Li, calculated values
rom the two contrast definitions become almost identical.
Visual scaling of gloss, using images on a computer dis-
lay, was also performed by Ferwerda and colleagues,
ho rendered composite images of a sphere enclosed in a
heckerboard box and illuminated by an overhead area
ight source. From their experiments, Ferwerda and col-
eagues identified two perceptually meaningful gloss di-
ensions: contrast gloss CG and DOI. From magnitude
stimation experiments on both individual dimensions,
erwerda and colleagues introduced the following rela-
ionship for CG [16,17]:
CG = s + d2 
1/3
− d2 
1/3
, 9
ith s and d respectively the specular and diffuse
ample reflectance. Contrast gloss CG as defined by Fer-
erda and colleagues was also calculated for our samples,
ogether with the Measured Total Sample
t (lux)
a
Es (lux) Eb (lux) Et (lux)
250 — 250
ht 130 — 130
ht 130 250 380
15 1985 2000
and E , respectively, are indicated.on, T
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Leloup et al. Vol. 27, No. 9 /September 2010 /J. Opt. Soc. Am. A 2051or which d values were obtained from integrating sphere
easurements in SPEX mode, while s was calculated to
e 9% for all samples. Calculated CG values are pre-
ented in Table 3, while from Fig. 5, a linear correlation
an be observed between visual gloss estimates ˆi and
G. Both log C and CG seem to be valuable candidates to
escribe visual gloss perception. However, the concept of
ontrast gloss as defined by Eq. (9) is relevant only if the
amples are illuminated by the specular light source
lone. The addition of the background light source will in-
rease values of both Li and Lb, while the values of s and
d remain the same.
In test condition B, the luminance of the specular light
ource was decreased by 50%. This reduces both Li and Lb
y the same ratio, resulting in the same contrast values,
s can be concluded from Table 4. Gloss estimates ob-
ained by paired comparison reveal results similar to
hose in test condition A. Consequently, the plot of the av-
rage gloss estimates ˆi against log C (Fig. 4) remarkably
esembles the plot for test condition A. This finding con-
rms that it is not the luminance of the specular image
ut the luminance contrast that is dominating the percep-
ion of gloss.
In test condition C, the specular source luminance was
ept the same as in test condition B, but a background il-
umination was added. This increased the total sample il-
s for Test Condition Aa
m2 ˆi LogC
Contrast Gloss
CG
−0.883 1.275 0.042
−0.600 1.395 0.050
−0.517 1.510 0.058
−0.033 1.721 0.086
0.633 2.010 0.143
1.400 2.127 0.226
range
2.283
gloss CG are presented for all six samples. Additionally, the calculated statistic Y0.05,
ˆi are listed.
Table 4. Measurement Results
for Test Condition Ba
ample Number Li cdm2 Lb cdm2 LogC ˆi
1 464 23.4 1.274 −0.817
2 450 17.4 1.396 −0.583
3 458 13.9 1.505 −0.417
4 496 8.5 1.758 0.067
5 433 4.3 1.995 0.650
6 450 3.4 2.120 1.100
dditional Paired Comparison Results
Y0.05  u range
0.282 0.81 0.20 1.917
aImage luminance Li and background luminance Lb, log C, and gloss estimates ˆi
re presented for all six samples. Additionally, the calculated statistic Y0.05, the av-
rage coefficient of consistency , the coefficient of agreement u, and the variation of
ˆ are listed.Table 3. Measurement Result
Sample
umber Li cdm−2 Lb cdm−2 Li−Lb cd
1 930 46.9 883
2 906 35.1 871
3 925 27.7 897
4 917 17.1 900
5 868 8.4 859
6 899 6.7 892
dditional Paired Comparison Results
Y0.05  u
0.334 0.89 0.28
aImage luminance Li and background luminance Lb, gloss estimates ˆi, log C, and contrastig. 4. (Color online) Gloss estimates ˆi plotted against calcu-
ated logC values for six glass samples. The squares and solid
ine, respectively, represent the results and linear fit in test con-
itions A (TC A). The circles and dashed line apply to test condi-
ion B (TC B). The triangles and dotted line apply to test condi-
ion C (TC C). Log C values increase with decreasing sample
ightness. Error bars represent the calculated statistic Y0.05. The
oefficient of determination R2 indicates the correlation be-
ween the two variables.ig. 5. (Color online) Gloss estimates ˆi plotted against calcu-
ated contrast gloss CG for six glass samples in test condition A.
G values increase with decreasing sample lightness. Error bars
epresent the calculated statistic Y0.05. The coefficient of determi-
ation R2 indicates the correlation between the two variables. i
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2052 J. Opt. Soc. Am. A/Vol. 27, No. 9 /September 2010 Leloup et al.uminance Et to 380 lux (see Table 2). The increase of the
alues of Lb was verified by calculating the product of the
ample illuminance originating from the background light
ource Eb with the BRDF values at 0°:58° geometry. The
uminances in the image and background zone, together
ith contrast values and gloss estimates, are gathered in
able 5. A plot of the gloss estimates ˆi against log C val-
es is presented in Fig. 4. Compared with test condition B
Table 4), the addition of the background light source re-
ults in an increase of both Li and Lb with the same
mount for each individual sample. Consequently, the in-
olved contrast values are lower and the range of contrast
alues has slightly increased. However, the range of esti-
ated gloss values has increased as well, and the linear
orrelation between average gloss estimates ˆi and log C
till holds. Taking into account the calculated statistic
0.05, only one sample pair, i.e., (1, 2), reveals no signifi-
ant differences in gloss perception. In addition, the coef-
cient of agreement u has significantly increased. Lower
ontrast values seem to improve the sensitivity of perceiv-
ng gloss differences.
Finally, test condition D was evaluated. In this condi-
ion, the specular light source was dimmed further, while
he background light source luminance was increased.
Table 5. Measurement Results
for Test Condition Ca
ample Number Li cdm−2 Lb cdm−2 LogC ˆi
1 509 77.0 0.750 −0.933
2 487 53.9 0.906 −0.683
3 488 40.7 1.041 −0.383
4 506 19.7 1.391 0.050
5 437 7.5 1.757 0.583
6 451 4.1 2.043 1.367
dditional Paired Comparison Results
Y0.05  u range
0.260 0.86 0.48 2.300
aImage luminance Li and background luminance Lb, log C, and gloss estimates ˆi
re presented for all six samples. Additionally, the calculated statistic Y0.05, the av-
rage coefficient of consistency , the coefficient of agreement u, and the variation of
ˆ i are listed.
Table 6. Measurement Results
for Test Condition Da
ample Number Li cdm−2 Lb cdm−2 LogC ˆi
1 465 420 −0.970 −1.400
2 338 290 −0.781 −0.950
3 260 214 −0.668 −0.367
4 132 90.0 −0.331 0.242
5 62.0 23.0 0.229 0.958
6 45.0 3.8 1.035 1.517
dditional Paired Comparison Results
Y0.05  u range
0.177 0.94 0.60 2.917
aImage luminance Li and background luminance Lb, log C, and gloss estimates ˆi
re presented for all six samples. Additionally, the calculated statistic Y0.05, the av-
rage coefficient of consistency , the coefficient of agreement u, and the variation of
ˆ are listed.ihis resulted in a total sample illuminance Et of 2000 lux
Table 2). Li and Lb values, log C, and average gloss esti-
ates ˆi are reported in Table 6. The front reflection lu-
inance contribution is reduced to only 44 cd m−2. In this
ondition, the range of contrasts obtained over the six
amples is higher, and test subjects now seem to observe
uch larger gloss differences between all samples. All
loss differences between consecutive samples are signifi-
ant, with both a high coefficient of agreement u and av-
rage coefficient of consistency .
As can be seen from Fig. 6, the linear correlation be-
ween gloss estimates ˆi and log C values no longer holds.
he observers’ gloss appreciation becomes very sensitive
o contrast variation because the contrast approaches
hreshold values. In comparison to test conditions A to C,
he contrast values are much lower, and consequently
imilar differences in log C have a larger impact on gloss
iscrimination. Clearly, the visual acuity to discern a re-
ected image is an additional visual cue. This explains
oth the increased coefficient of agreement u and the en-
anced glossiness range.
Even for samples without distortions in the reflected
mage, gloss perception can be drastically influenced by
arying the luminance distribution in the illumination
cene. Only the light sources within the observer’s specu-
ar field of view will contribute to the luminance of the re-
ected image. However, all light sources, even those posi-
ioned out of the specular field of view, will contribute to
he luminance of the surface surroundings adjacent to the
eflected image. Knowledge of the entire luminance distri-
ution in the illumination scene and the full sample
RDF is required to calculate the contrast value, which is
he main parameter determining gloss perception when
OI effects are not involved.
. CONCLUSIONS AND FUTURE RESEARCH
isual assessment of the appearance of objects and mate-
ials is a very complicated process, and four research ar-
as have been suggested: color, gloss, texture, and trans-
ucency. Much work has been done to quantify color
ppearance, but there is still much to understand about
ig. 6. Gloss estimates ˆi plotted against calculated logC val-
es for the six glass samples in test condition D. LogC values in-
rease with decreasing sample lightness. Error bars represent
he calculated statistic Y0.05. The coefficient of determination R2
ndicates the correlation between the two variables.
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Leloup et al. Vol. 27, No. 9 /September 2010 /J. Opt. Soc. Am. A 2053he perception of gloss, while the elaboration of visual cor-
elates of texture and translucency is in its infancy. Until
ow, instrumental gloss evaluation has been restricted to
he measurement of specular reflection characteristics of
he sample. In this paper, it was shown that perceived
lossiness also depends on the luminance distribution of
he illumination scene. This result suggests the need for a
ew generation of gloss measurement instrumentation.
Gloss estimations were performed on six glass samples
howing identical DOI without distortions in the reflected
mage. The reverse side of the samples was covered with a
eutral paint, varying in lightness from white to black.
eal complex illumination scenes were simulated using
wo light sources. The specular light source with an ad-
ustable luminance created a virtual image, superimposed
n a background luminance, that could also be varied in-
ependently using a second light source of that the re-
ected image was invisible. With this original experimen-
al setup, contrasts between the reflected image and
djacent surroundings could be controlled. The method of
aired comparison was adopted to obtain gloss estimates.
It was found that visual gloss assessment does not cor-
elate with the specular gloss units as measured with
ommercial glossmeters. Previous investigations [5,7] al-
eady indicated a nonlinear relationship between gloss
erception and specular glossmeter readings over a large
ange of specular gloss units. However, these results were
btained on samples having a different surface rough-
ess, and consequently a different DOI and specular gloss
alue.
In this work, samples with identical DOI and specular
loss were investigated. It was shown that contrast be-
ween the virtual image of the illumination scene and its
urroundings influences the gloss perception. With DOI
ept invariant, it has become clear that psychometric lu-
inance contrast seems to be a satisfactory correlate.
lossiness estimation becomes very sensitive to observed
ontrasts if contrast values approach threshold, as the po-
ential discernibility of a reflected image becomes an ad-
itional visual cue to differentiate between samples. Lu-
inance contrast is determined by the reflection
haracteristics of the sample. However, the sample illumi-
ance and consequently the entire luminance distribution
n the illumination scene around the sample strongly af-
ect the gloss perception.
This study is only a first step in the development of a
loss perception correlate. Absolute magnitude scaling ex-
eriments in randomly generated illumination settings of
he specular and background light source will be per-
ormed to work toward a new quantity to characterize
loss. In addition, the impact of DOI, the influence of the
olor of the sample, and the effect of the non-uniformity of
he image light source must be included. Finally, investi-
ations using real complex illumination and environment
cenes combined with real 3D samples could be per-
ormed, in analogy to computer-based research.
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